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(54) FERROELECTRTIC ELECTRON EMISSION COLD CATHODE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To ensure a stable and large emission 
amount of electrons with a long service life by forming a protection film 
of high electron emission material on a main surface to emit electrons. 

SOLUTION: A ferroelectric PZT thin plate of bulk shape with sizes of 
10x15 mm and a thickness of 50 jim and an Ir electrode having a film 
thickness of 500 nm layed over the whole rear surface of the plate are 
formed by spattering as a lower surface electrode 13. On the front 
surface thereof, as an upper surface electrode 14, an Ir electrode 
having a film thickness of 100 nm is formed in a stripe shape with a 
line of 500 pirn and a space of 300 |im. On the whole front surface 
including the upper surface electrode 14, an MgO film serving as a 
protection film 15 is formed with a film thickness of 100 nm by an EB 
depostion method to thereby form a ferroelectric electron emission 

cathode 11 . By forming the protection film 15 in this way, electrons are emitted similarly with the initinal 
case of starting application of voltage even if the number of application of pulse voltage exceeds 1000, and 
the amount of emission is made sufficiently stable. Also, by forming the film 15, the amount of emission 
itself is increased by about 30%. 
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JPO and UCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] Ferroelectric electron emission cold cathode which is the ferroelectric electron emission cold cathode which 
comes to have the ferroelectric which has spontaneous polarisation, the rear-face electrode of a ferroelectric formed in 
a principal plane on the other hand, and the top-face electrode formed in the another side principal plane of a 
ferroelectric, and is characterized by forming the protective coat which consists of a high ingredient of electron 
emission ability on the another side principal plane of the ferroelectric with which said top-face electrode was formed. 
[Claim 2] Ferroelectric electron emission cold cathode according to claim 1 characterized by using at least one sort 
chosen from MgO, ZnO, Ce02, Y203, and BaO, CaO and SrO as an ingredient of said protective coat 
[Claim 3] Ferroelectric electron emission cold cathode according to claim 1 to which said top-face electrode is 
characterized by being formed the shape of a stripe, the shape of a mesh, and in the shape of an array. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[ 0001 1 

[Field of the Invention] This invention relates to the structure of the electron emission cold cathode especially using a 

ferroelectric about the electron emission cold cathode used as an electron source. 

[0002] 

[Description of the Prior Art] It is possible to change this to a ferroelectric by the spontaneous polarization produced by 
the permanent dipole located in a line with parallel or anti-parallel existing, and giving a perturbation from the exterior. 
For example, if the polarization change by electric field is observed as polarization hysteresis (hysteresis) and stress 
and a temperature change are given, it will become the piezo-electric effect and a pyroelectric effect, respectively, and 
it will appear. Although these phenomena are observed by receipts and payments of the charge to the electrode formed 
on the feiroelectric, the bleedoff of the electron from a ferroelectric of them is also attained by choosing the 
configuration of an electrode or a fonnation location, thickness, etc. appropriated 

[0003] About the electron emission phenomenon from an above-mentioned ferroelectric, more various researches than 
before are done, for example, various kinds of experiments referred to as giving perturbations, such as impression of 
electric field, a temperature change, and an optical exposure, from the exterior to the typical ferroelectric single crystal 
of BaTi03 grade, and carrying out induction of the polarization change to it were conducted. However, 10-9 A/cm2 
and since the current density of the electron emitted using the polarization change with these comparatively loose 
experiments was also very small, it was considered that the application to a practical device is difficult. However, since 
it was reported by H.Gundel and others that recent years come and about two 10 - 102 A/cm electron emission is made 
by impressing high-speed pulse electric field to ferroelectric ceramics, such as titanic-acid lead zirconate (it 
abbreviating to PZT hereafter) and PLZT which added little La to this, the opportunity to which it is going to apply this 
phenomenon to an electron device is growing. 

[0004] For example, as shown in drawing 1 , the ferroelectric electron emission cold cathode 1 reported by H.Gundel 
and others uses the underside electrode 2, a ferroelectric 3, and the top-face electrode 4 as the main component, and as 
the ferroelectric electron emission cold cathode 5 indicated by JP,5-325777,A is shown in drawing 2 , in addition to the 
underside electrode 2, the ferroelectric 3, and the top-face electrode 4, it is using the insulator layer 6 and the auxiliary 
electrode 7 as the main component. By impressing an alternating electric field between an underside electrode and a 
top-face electrode, the ferroelectric electron emission cold cathode of a configuration of having been shown in these 
drawing 1 and d rawing 2 makes change (polarization reversal) of polarization produce inside a ferroelectric in 
connection with the abrupt change of the electric field, flies soon the electron which exists near the top-fece electrode 
in that case depending on Coulomb force, and is considered to be what emits an electron. 
[0005] 

[Problera(s) to be Solved by the Invention] However, above-mentioned ferroelectric electron emission cold cathode had 
the following troubles. 

[0006] That is, if it is in the conventional cold cathode and the actuation which an alternating electric field is impressed 
[ actuation ] between an underside electrode and a top-face electrode, and makes polarization reversal produce in a 
ferroelectric is repeated, fatigue and degradation will arise inside a ferroelectric front face and/or a top-face electrode, 
and electronic bleedofF will no longer be performed gradually. Since this degradation usually arose in impression of 
several - about dozens of times of pulse voltages, it was impossible to have presented practical use with this cold 
cathode as it is. Although making small the absolute value of the pulse voltage impressed in order to control this 
degradation is also considered, the problem that the current density of the electron emitted in this case becomes small 
newly arises. Moreover, in the conventional cold cathode, the amount only of electron emission which is still 
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satisfactory enough was not obtained, and it had the trouble that the burst size wa$ also referred to as unstable. 

[0007] The actual condition is that electron emission cold cathode using these troubles to a ferroelectric is not yet put in 

practical use. Therefore, the object of this invention conquers an above-mentioned technical issue point, and its life is 

long and is to offer the ferroelectric electron emission cold cathode obtained by being stabilized in the burst size of a 

big electron. 

[0008] 

[Means for Solving the Problem] In order to solve an above-mentioned trouble, the ferroelectric electron emission cold 
cathode of this invention formed the protective coat which consists of the high ingredient, MgO, ZnO, and Ce02, of 
electron emission ability, Y203, BaO, CaO, SrO, etc, on the another side principal plane of the ferroelectric with which 
the top-face electrode was formed in both the principal planes of a ferroelectric in the ferroelectric electron emission 
cold cathode which comes to have a rear-face electrode and a top-face electrode. [ for example, ] 
[0009] thus, by forming the protective coat which consists of a high ingredient of electron emission ability on the 
principal plane to which an electron is emitted, also in which field of the stability of a life and the amount of emission 
electron, this invention persons find out that the ferroelectric electron emission cold cathode which was markedly alike 
and was superior to the conventional cold cathode can be obtained, and it came to complete this invention. Although 
the detailed mechanism from which above-mentioned effectiveness is acquired by adopting the configuration of this 
invention is not clear at present, it is thought by performing electron emission from the high protective coat of electron 
emission ability that reinforcement of cold cathode and stabilization of a burst size are attained, the operation which 
concentrated on the ferroelectric front face and had been produced by probably reversing polarisation rapidly being 
distributed and eased at a protective coat side. 

[0010] In addition, as a ferroelectric used for this invention, macroraolecule ferroelectrics, such as PZT, PLZT, a 
ceramic ferroelectric of BaTi03 grade, and PVDF, etc. can be used. The thickness of a ferroelectric has lOOnm - more 
preferably desirable 200 micrometers 20nm - 2000 micrometers. Although this is based also on a service condition, it is 
because it will be necessary to make electric field of operation very big if a possibility that the electrodes formed in die 
both sides may short-circuit will become high if the thickness of a ferroelectric becomes thinner than 20nm, and it 
becomes thicker than 2000 micrometer. Moreover, a bulk-like thing may be used for the ferroelectric to be used and 
the thing of the shape of a formed thin film may be used for it. 

[001 1] It is possible to use each common electrode material as an electrode material used for this invention. 
Specifically, metals, such as Pt, Au, Cu, aluminum, nickel, Ir, C$, Cr, and W, and these alloys are mentioned. 
Especially, from the field of the electronic ease of emitting, the low electrode material of work junctions, such as Ir and 
Cs, is desirable. Although the formation approach of an electrode can use the membrane formation approach of 
arbitration, it is desirable to use membrane formation techniques, such as vacuum deposition and the sputtering method. 
This is because it has the inclination as for which an electron becomes is hard to be emitted as below-mentioned if the 
thickness of an electrode becomes thick in the cold cathode of this structure. 

[0012] As thickness of the electrode (especially top-face electrode) formed by the cold cathode of this invention, 500A 
or less is more preferably desirable 5000A or less. When the thickness of an electrode becomes thicker than 5000A, it 
is because electronic bleedoff is barred for the thickness. Although there is some fluctuation with the electrode material 
which uses this value, when using Pt, for example as an electrode material, about 100-500A is the most suitable. 
[0013] Forward or negative any are sufficient as the electric field of operation impressed by this invention, and, in any 
case, the range below 300 kV/cm extent is desirable in the absolute value. It is because the problem that an electrode 
and a ferroelectric are destroyed for the high electric field will arise if the electric field exceeding 300 kV/cm extent are 
impressed, moreover, the pulse period of electric field of operation — forward or negative — as for the range for 5 - 200 
microseconds, which is more preferably desirable for 0.01 to 1000 microseconds. It is because a pulse period is short, 
so it hardly changes to the amount of electron emission emitted by the pulse period for 1000 or less microseconds in 
less than 0.01 microseconds even if sufficient amount of electron emission is not obtained and it impresses electric field 
exceeding 1000 microseconds. 
[0014] 

[Embodiment of the Invention] The ferroelectric electron emission cold cathode 1 1 of one example of this invention 
consists of the ferroelectric 12 of form of sheet, an underside electrode 13 formed all over the rear face of a 
ferroelectric 12, a top-face electrode 14 formed in the front fece of a ferroelectric 12 m the shape of a stripe, and a 
protective coat 15 formed all over the table (bow) side containing the top-face electrode 14, mainly as shown in 
drawing 3 . In addition, although, as for drawing^ , only the cross-section configuration of cold cathode 1 1 is shown, 
the top-face electrode 14 and the protective coat 15 are extended and formed also in the depth direction. 
[0015] Specifically as a ferroelectric 12, the PZT sheet metal of the shape of 10x15mm angle and bulk of 50- 
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micrometer thickness is used. Moreover, as for the underside electrode 13, Ir electrode of lOOnm of thickness is formed 
for Ir electrode of 500nm of thickness by the sputtering method, respectively, as for the top-face electrode 14. As for 
the stripe-like top-face electrode 14, a line/tooth space is fonned in 500 micrometers / 300 micrometers. A protective 
coat 15 consists of MgO film, and is fonned in lOOnm of thickness by EB vacuum deposition. 
[0016] Here, the stability of the life and the amount of emission electron is measured using the measuring device 
shown in drawing^ about two sorts of samples of the cold cathode 1 1 of this invention of an above-mentioned 
configuration, and the conventional (other configurations arc the same as that of the cold cathode 11 of this invention) 
cold cathode (not shown) which does not have a MgO protective coat formed. In addition, polarization processing is 
beforehand performed to the ferroelectric which constitutes these two sorts of cold cathode electrically. In addition, on 
the occasion of measurement, only one stripe in a top-face electrode is used. 

[0017] Hereafter, a measuring method is explained concretely. As first shown in drawing! , after fixing a sample 20 to 
the holder 22 in the vacuum chamber 21, the top-face electrode of a sample 20 is grounded. Subsequently, the pulse 
voltage of the positive/negative generated with the pulse impression means 23 is impressed to the underside electrode 
13. At this time, an impression pulse is set to **200V and pulse width is set to lOmicrosec. The electron emitted by 
impression of this pulse voltage is brought together in the collector 24 arranged in 10mm upper part of a sample 20. 
Here, change of the potential by this cuiTent passing along Resistance R is observed using an oscilloscope 25, the peak 
value of the emission current is measured, and the amount of emission electron is computed by using and carrying out 
time quadrature of the integral calculation function of an oscilloscope based on this peak value. 
[0018] Here, the measurement result obtained about the cold cathode 1 1 and the conventional cold cathode of this 
invention according to the above-mentioned measuring method is shown in drawing S by comparison. In the 
conventional cold cathode, the electronic burst size is about 0 by impression of about 10 times of pulse voltages so that 
it can read in dr awing 5 . Since the ferroelectric and/or the top-face electrode deteriorated by the repeat of rapid 
polarization reversal as explained also in the conventional technical column, this is considered. On the other hand, in 
! the cold cathode 1 1 of this invention in which the protective coat 15 was formed, even if the count of pulse-voltage 
: impression exceeds 1 000 times, the electron is emitted like the time of electrical-potential-difference impression 
initiation, and the burst size also has sufficient stability. Moreover, it can check that the burst size itself has increased 
about 30 percent compared with the conventional cold cathode by forming a protective coat 15. 
[0019] In addition, although MgO was used as an ingredient of a protective coat 15 in this example, when similarly 
measured about each ingredient of ZnO with high secondary-electron-emission ability, Ce02, Y203, and BaO, CaO 
and SrO, it has checked that the same effectiveness as the case where the MgO film is formed was acquired. Moreover, 
in this example, although the protective coat 15 was fonned all over the front face of a ferroelectric 12, as shown, for 
example in drawing 6 , effectiveness of the same kind is acquired also by forming a protective coat a ferroelectric 12, 
the top-face electrode 13, and near [ three ] the boundary section of air. In addition, although bulk-like PZT sheet metal 
was used as a ferroelectric in this example, the PZT thin film of the shape of a thin film formed, for example by the 
plasma-CVD method etc. may be used as a ferroelectric of this invention. 

[0020] ' * < • - 

[Effect of the Invention] Thus, by forming the protective coat which consists of a high ingredient of electron emission 
ability on the principal plane to which an electron is emitted Since electron emission from a protective coat is 
performed the operation which concentrated on the interior of a ferroelectric and had been produced by reversing 
polarization rapidly being distributed and eased at a protective coat side also in which field of the stability of a life and 
the amount of emission electron, the ferroelectric electron emission cold cathode which was markedly alike and was 
superior to the conventional cold cathode can be obtained. 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3 Jn the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

f_Dr awinp H It is the sectional view showing the ferroelectric electron emission cold cathode of the conventional 
example. 

[Dr awing 2] Moreover, it is the sectional view showing the ferroelectric electron emission cold cathode of another 
conventional example. 

Prawing 3] It is the sectional view showing the ferroelectric electron emission cold cathode of this invention. 
[D rawing 4] It is the outline sectional view showing the property measuring device of ferroelectric electron emission 
cold cathode. 

pTa\yjng.5j It is comparison drawing which compared die electron emission characteristic of the cold cathode of this 
invention, and the conventional cold cathode. 

[Drawin g 6] It is the sectional view showing the cold cathode of another example of this invention. 
[Description of Notations] 

11 ... Ferroelectric Electron Emission Cold Cathode 

12 ... Ferroelectric 

13 ... Underside Electrode 
14 ... Top-Face Electrode 
15 ... Protective Coat 
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[Drawing 6] 
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